As the demand of high quality service in next generation wireless communication systems increases, a high performance of data transmission requires an increase of spectrum efficiency and an improvement of error performance in wireless communication systems. One of the promising approaches to 4G is adaptive OFDM (AOFDM). In AOFDM, adaptive transmission scheme is employed according to channel fading condition with OFDM to improve the performance Adaptive modulation system is superior to fixed modulation system since it changes modulation scheme according to channel fading condition. Performance of adaptive modulation system depends on decision making logic. Adaptive modulation systems using hardware decision making circuits are inefficient to decide or change modulation scheme according to given conditions. Using fuzzy logic in decision making interface makes the system more efficient. In this paper, we propose a OFDM system with adaptive modulation using fuzzy logic interface to improve system capacity with maintaining good error performance. The results of computer simulation show the improvement of system capacity in Rayleigh fading channel.
Introduction
Orthogonal Frequency Division Multiplexing (OFDM) is a special form of multi-carrier transmission technique in which a single high rate data stream is divided into multiple low rate data streams. These data streams are then modulated using sub carriers which are orthogonal to each other. In this way the symbol rate on each sub channel is greatly reduced, and hence the effect of inter symbol interference (ISI) due to channel dispersion in time caused by multipath delay spread is reduced The main advantages of OFDM are its multipath delay spread tolerance and efficient spectral usage by allowing overlapping in the frequency domain.. In an OFDM transmission system, each sub carrier is attenuated individually under the frequency-selective and fast fading channel. The channel performance may be highly fluctuating across the sub carriers and varies from symbol to symbol [1] . If the same fixed transmission scheme is used for all OFDM sub carriers, the error probability is dominated by the OFDM sub carriers with highest attenuation resulting in a poor performance. Therefore, in case of frequency selective fading the error probability decreases very slowly with increasing average signal-to-noise ratio (SNR) [2] . This problem can be mitigated if different modulation schemes are employed for the individual OFDM sub carriers. Unlike adaptive serial systems, which employ the same set of parameters for all data symbols in a transmission frame, adaptive OFDM schemes have to be adapted to the SNR of the individual sub carriers. This will substantially improve the performance and data throughput of an OFDM system. Many adaptive transmission techniques have been presented in the literature. The combination of adaptive modulation with OFDM was proposed as early as 1989 by Kalet which was further developed by Chow [3] and Czylwik [2] . The performances of turbo-coded adaptive modulation are investigated in [4] . Further studies on the application of turbo code in adaptive modulation and coding is conducted in [5] . In [6] , an adaptive OFDM system with changeable pilot spacing has been proposed. The results showed that a significant improvement in the BER performance is achieved with sacrificing a small value of the total throughput of the system. A work is done on several strategies on bit and power allocation for multi-368 _____________________________________ 978-1-4244-6055-7/10/$26.00 ©2010 IEEE antenna assisted OFDM systems in [7] . They found out that sometimes power and bit adaptation is required for efficient exploitation of wireless channels in some system conditions. The performance analysis of OFDM systems with adaptive sub carrier bandwidth is investigated by [8] . Further investigations on sub carrier adaptive modulation scheme of pre coded OFDM is presented in [9] under multipath channels. This paper is organized as follows: The system model and fuzzy logic implementation is described in section 2. , Section 3 discusses the adaptive modulation system simulation results. Finally conclusions are made in section 4.
System Model
In this Section, we explain OFDM system with adaptive modulation. The proposed scheme is depicted in Fig Adaptive modulation is advantageous than fixed modulation scheme since it responds to channel condition and maintains good performance (Bit Error Rate) and speed (capacity). But if the decision making system is not efficient then response of the system to changing conditions of channel is not good (that is either BER or capacity of the system is compromised) In this case the advantages of using adaptive modulation over fixed modulation is very less. By employing Fuzzy logic in decision making system modulation levels can be changed very efficiently with changing conditions of channel.
Channel Estimator
The block diagram of this system is shown in Figure 1 . The channel estimation and mode selection are done at the receiver side and the information is sent to the transmitter using a feedback channel. In this model the adaptation is done frame by frame. The channel estimator block estimates instantaneous SNR of the received signal and transmits it to FIS (Fuzzy Interface system ) block as an input. Based on the instantaneous SNR calculated, the best modulation order will be chosen for the next transmission frame At the transmitter the adaptive modulator block consists of different modulators which are used to provide different modulation orders. The switching between these modulators will depend on the instantaneous SNR This block diagram is used to describe two types of adaptive modulation schemes which is based on MQAM and MPSK scheme. The goal of adaptive modulation is to choose the appropriate modulation mode for transmission, given the local SNR, in order to achieve good trade-off between spectral efficiency and overall BER (Bit Error Rate).
FIS (Fuzzy Interface System)
FIS (Fuzzy Interface system) is the decision making system in this proposed scheme. It is modeled in Matlab 7.4 Fuzzy Interface editor. It takes instantaneous SNR (Signal to Noise Ratio) and Present modulation order as inputs and controls the modulation order of modulator and demodulator blocks. Rules are constituted as follows , if BER is low increase the modulation order by one level compared to present modulation order , if BER is high then decrease the modulation order by one compared to present modulation order. If BER is average then increase the modulation order by one compared to present modulation order.
Results
The above proposed system was simulated in Matlab7.4. Using fuzzy logic in decision making is a good choice because ordinary (non fuzzy) system is controlled by plain if and else , for example if for poor SNR(Signal To Noise Ratio) range is declared as 0 to 4 , if input is 4.1 then the input is not considered as poor SNR (But it is poor). If we use fuzzy logic in above case 4.1 is also considered as poor SNR (Signal To Noise Ratio). So using FIS (Fuzzy interface system) increases the performance adaptive modulation system. Plot showing the comparison of performances of adaptive modulated OFDM system using fuzzy logic and ordinary control logic is shown in Fig  9 . It was shown that OFDM system using Fuzzy logic performs better than OFDM system using ordinary control logic.
4.
Conclusion Using FIS (Fuzzy interface system) in implementing adaptive modulation for OFDM system increases performance of system since it responds to channel condition and maintains good performance (Bit Error Rate) and speed (capacity) efficiently than system using ordinary control logic.
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